A novel marine bacterial strain designated JAMH 011 T was isolated from the cold-seep sediment in Sagami Bay, Japan. Cells were Gram-stain-negative, rod-shaped, non-sporeforming, aerobic chemo-organotrophs and motile by means of a single polar flagellum. Growth occurred at temperatures below 31 8C, with the optimum at 25 8C. The major respiratory quinone was Q-10. The predominant fatty acid was C 18 : 1 v7c. On the basis of 16S rRNA gene sequence analysis, the isolated strain was closely affiliated with members of the genus Shimia in the class Alphaproteobacteria, and the 16S rRNA gene sequence similarity of the novel isolate with the type strain of the closest related species, Shimia haliotis WM35 T , was 98.1 %. The DNA G+C content of the novel strain was 57.3 mol%. The hybridization values for DNA-DNA relatedness between strain JAMH 011 T and reference strains belonging to the genus Shimia were less than 9.4¡0.7 %. Based on differences in taxonomic characteristics, the isolated strain represents a novel species of the genus Shimia, for which the name Shimia sagamensis sp. nov. is proposed. The type strain is JAMH 011
The genus Shimia, first proposed by Choi & Cho (2006) , belongs to the family Rhodobacteraceae in the class Alphaproteobacteria, and members are defined as Gram-negative, rod-shaped, strictly aerobic, marine bacteria that contain ubiquinone-10 (Q-10) as the predominant quinone, with very high amounts of C 18 : 1 v7c present. At the time of writing, the genus Shimia comprised four species: Shimia marina isolated from a coastal fish farm (Choi & Cho, 2006) ; Shimia isoporae from a reef-building coral (Chen et al., 2011) ; Shimia haliotis from the gut of an abalone (Hyun et al., 2013) ; and Shimia biformata from surface seawater (Hameed et al., 2013) . In this taxonomic study, we used a polyphasic approach to investigate marine bacterial strain JAMH 011 T which was found to represent a novel species belonging to the genus Shimia.
Strain JAMH 011
T was isolated from sediment of the deepsea cold-seep area off Hatsushima, Sagami Bay, Japan (358 0099 N 1398 1369 E, depth: 1097 m) collected by means of a sterilized sediment sampler using the SHINKAI 6500 system operated by JAMSTEC in April 2007. The sediment was suspended with a small amount of sterilized artificial seawater (ASW; RohtoMarine, Rei-Sea Co., Tokyo), cooled with ice and allowed to stand for 10 min. The supernatant was spread on marine agar 2216 (MA; Difco) and incubated at 10 8C for 1 week upon isolation. A pure culture was obtained after at least three subcultivations on MA and the morphological, physiological and biochemical characteristics of strain JAMH 011 T were investigated by using routine incubation on MA or in marine broth 2216 (MB; Difco) at 25 8C. S. biformata JCM 18818 T , S. haliotis JCM 18870 T , S. isoporae DSM 26433 T and S. marina JCM 13038 T were used as reference strains in the study for biochemical and antibiotic susceptibility tests, DNA-DNA hybridizations, and analysis of cellular fatty acids.
The effects of temperature, NaCl concentration and pH on cell growth were determined by examining the time-course of optical density (660 nm) (temperature gradient incubator with a bio-photorecorder, model TVS126MA; Advantec). Growth at 4-40 8C was tested in MB. Cell growth was observed at 31 8C or lower (optimum 25 8C), but not at higher than 35 8C. Growth at various NaCl concentrations (0, 0.05, 0.1, 0.2, 0.5, 1, 2, 3, 4 and 5 %, w/v) was examined in Luria-Bertani (LB) medium [1.0 % (w/v) tryptone and 0.5 % (w/v) yeast extract; both Difco] and incubated at 25 8C. Cell growth was observed at NaCl concentrations of 1-3 % (optimum 2-3 %), but not at lower than 0.5 % or higher than 4 % NaCl. Growth at various pH values (5.0-10.0 in increments of 0.5 pH units) was measured in 3 % NaCl LB medium (the final pH was adjusted using NaOH and HCl solutions) and incubated at 25 8C. Cell growth was observed at pH 7.0-9.0 (optimum pH 7.5-8.0), but not at pH 6.5 or at greater than pH 9.5. Strain JAMH 011
T cannot be grown at a NaCl concentration of 4 % or higher, although other species of the genus Shimia can be grown at a NaCl concentration of 5 % ( Table 1 ).
The Gram reaction was investigated by using the Gram stain kit (BD) according to the manufacturer's instructions. Cellular morphology was observed by light microscopy and transmission electron microscopy. For negative staining, one drop of fresh culture medium was placed on a copper grid coated with Pioloform and carbon and stained with 1 % potassium phosphotungstic acid adjusted to pH 6.5 with potassium hydroxide. The negatively stained cells were observed with a model Tecnai 20 transmission electron microscope (FEI) at an accelerating voltage of 200 kV.
Growth under anaerobic conditions was tested using MA or MA supplemented with 0.1 % KNO 3 in the AnaeroPak system (Mitsubishi Gas Chemical). Catalase activities were determined as described by Barrow & Feltham (1993) . Oxidase activity was determined by spreading cell pellets on oxidase test paper (Nissui Pharmaceutical). Hydrolysis of gelatin, casein, starch, Tweens 20, 40 and 80, CM-cellulose, chitin and xylan was detected on MA using substrate concentrations of 1 % (w/v) with incubation at the 
Gentamicin ( optimum temperature for 3 days. Degradation was revealed by the clear zone or white turbidity formed around colonies either directly or after flooding with appropriate stains. DNase activity was assessed using DNase Test Agar (Difco) supplemented with 1/2 ASW. Nitrate reduction and hydrolysis of aesculin and urea were investigated as described by Barrow & Feltham (1993) and Baumann et al. (1972) with the modification that ASW was used for the preparation of media. Acid production from sugars was assessed using modified oxidativefermentative medium (Hugh & Leifson, 1953) containing 50 % ASW, 0.1 % (NH 4 ) 2 SO 4 , 0.01 % yeast extract (Difco), 0.1 % Tris, 1 % test sugar and 0.006 % bromothymol blue (pH adjusted to 7.2 at 20 8C) with incubation at the optimum temperature for 2 weeks. Susceptibility to antibiotics was tested using MA plates and 6 mm sensitivity discs (BD) according to the manufacturer's instructions. The following antibiotics were examined: ampicillin (10 mg), cefotaxime (30 mg), chloramphenicol (30 mg), ciprofloxacin (5 mg), gentamicin (10 mg), kanamycin (30 mg), nalidixic acid (30 mg), novobiocin (30 mg), penicillin (10 IU), rifampicin (5 mg), streptomycin (300 mg) and tetracycline (30 mg). The effects of antimicrobial compounds on cell growth were assessed after culture for 2 days at 25 8C. The diameter of the inhibition zone was used to judge susceptibility according to the manufacturer's manual.
Cells of strain JAMH 011 T were rod-shaped, Gram-stainnegative, strictly aerobic, non-spore-forming and motile by means of a single polar flagellum. Colonies were whitish, smooth, circular and 1.0-2.0 mm in diameter after incubation on MA for 2 days at 25 8C. Detailed results from the phenotypic and biochemical tests are given in the species description and Table 1 . Among related species, strain JAMH 011 T and S. biformata JCM 18818 T can reduce nitrate, and only strain JAMH 011 T exhibited resistance to gentamicin.
Chromosomal DNA was purified using the phenol extraction method (Saito & Miura, 1963) . The DNA G+C content was determined using reversed-phase HPLC (Tamaoka & Komagata, 1984) . The 16S rRNA gene was amplified using the PCR method with primers 27F and 1492R (Lane, 1991) . The 16S rRNA gene sequence of strain JAMH 011 T was obtained by direct sequencing of PCR-amplified DNA as described previously (Uchida et al., 2012) . The resulting 16S rRNA gene sequence (1395 nt) of strain JAMH 011 T was compared with available 16S rRNA gene sequences from the DDBJ database using the BLAST program (http://blast. ddbj.nig.ac.jp/) (Altschul et al., 1990) and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) (Kim et al., 2012) to determine an approximate phylogenetic affiliation. Gene sequences were aligned with those of closely related species using the CLUSTAL_X software program (Thompson et al., 1997) . Phylogenetic relationships were analysed using neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981 ) algorithms with the MEGA 5.2 software package (Tamura et al., 2011) on the basis of 1000 replicates. Evolutionary distance calculations were based on the Jukes-Cantor model (Jukes & Cantor, 1969) for the neighbour-joining and maximum-likelihood methods.
Comparisons of the 16S rRNA gene sequence of strain JAMH 011 T with those of species with validly published names showed that strain JAMH 011 T belonged to the genus Shimia. 16S rRNA gene sequence similarities between strain JAMH 011 T and the type strains of species of the genus Shimia with validly published names ranged from 98.1 % to 96.9 %, and strain JAMH 011
T was most closely related to S. haliotis WM35 T (98.1 % 16S rRNA gene sequence similarity), S. marina CL-TA03 T (97.7 %), S. isoporae SW-6 T (97.6 %) and S. biformata CC-AMW-C T (96.9 %). Phylogenetic analysis based on 16S rRNA gene sequences of the genus Shimia showed that strain JAMH 011
T formed a stable cluster with the type strains of S. biformata, S. marina, S. haliotis and S. isoporae (Fig. 1) , which were all isolated from marine environments (Choi & Cho, 2006; Chen et al., 2011; Hyun et al., 2013) .
The generally recommended and accepted criteria for delineating bacterial species state that strains with a DNA-DNA relatedness value of less than 70 % as measured by hybridization, or with a 16S rRNA gene sequence dissimilarity greater than 1 %, are considered to belong to separate species (Stackebrandt & Ebers, 2006) . For analysis of relatedness, DNA-DNA hybridization was carried out at 49 8C (T m -45 8C) for 3 h and measured fluorometrically using the method of Ezaki et al. (1989) . DNA-DNA hybridization values between strain JAMH 011 T and the four reference strains were less than 9.4¡0.7 % (mean¡SD, n54) (Table S1 , available in the online Supplementary Material), and therefore strain JAMH 011 T was identified as representing a novel species.
For analysis of cellular fatty acids, isoprenoid quinones and polar lipids, strains were cultured in MB at 25 8C for up to 2 days. Cells were then washed twice with 0.7 % NaCl at 4 8C. The fatty acids of these strains were obtained from cells by saponification, methylation and extraction according to the Sherlock Microbial Identification System (MIDI, 1999) . Fatty acid compositions were determined using a Finnigan TRACE DSQ GC-MS system (Thermo Fisher Scientific) equipped with a DB-5 column (J&W Scientific) under a helium flow of 1.5 ml min 21 and an oven temperature program increasing from 140 8C (5 min) to 280 8C (5 min) at 4 8C min 21 . The fatty acids making up more than 1 % of the total in strain JAMH 011 T were C 18 : 1 v7c (77.7 %), C 18 : 2 (4.8 %), C 16 : 0 2-OH (2.8 %), C 18 : 0 (2.6 %), C 16 : 0 (2.3 %), C 14 : 1 v7c (1.9 %), 11-methyl C 18 : 1 v7c (1.5 %) and C 10 : 0 3-OH (1.3 %) (Table S2) .
Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v) from dried cells (200 mg), purified on TLC and analysed using reversed-phase HPLC according to the methods described previously (Miyazaki et al., 2006) . Standard quinones (Q-6, Q-7, Q-9, Q-10) were obtained from Sigma. The predominant quinone of strain JAMH 011
T was ubiquinone-10 (Q-10), which is in accordance with the genus Shimia. but resistant to gentamicin and kanamycin. The major fatty acid (w10%) is C 18 : 1 v7c. The predominant quinone is Q-10. Polar lipids are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylcholine, an unidentified aminolipid and an unidentified polar lipid.
The type strain is strain JAMH 011 T (5JCM 30583 T 5 DSM 29734 T ), isolated from sediment of the deep-sea cold-seep area off Hatsushima, Sagami Bay, Japan. The DNA G+C content of the type strain is 57.3 mol%.
